buckwheat (Fagopyrum esculentum Moench.) and sunflower (Helianthus annuus L.). The conventional cultivation, i.e., without any cover crops, was the control. Completely randomized blocks method at four replications was used in the experiment.
Analysis of fungal community. The microbiological analysis of the soil was made according to the method described by Patkowska (2009a,b) and Patkowska and Konopiński (2014a) . The soil was sampled at each experimental treatment from four randomly chosen places. Soil solutions from 10 g of soil with the dilutions from 10 -1 to 10 -4 were prepared in laboratory conditions from particular soil samples. Martin's medium was used to establish the fungi number. After the incubation, the number of fungi was converted into CFU/g of soil DW (colonyforming units/g dry weight of soil), and the obtained isolates were determined to the species.
The obtained isolates of Clonostachys spp., Albifimbria spp., Trichoderma spp. and Penicillium spp. served to determine their antagonistic effect towards the following fungi: Altenaria dauci, A . radicina, Fu sar ium oxy spor um, F. sol ani, Rhizoctonia solani and Sclerotinia sclerotiorum (isolated from the infected carrot roots). Estimation of the effect of Clonostachys spp., Albifimbria spp., Trichoderma spp. and Penicillium spp. on the studied pathogenic fungi was carried out using the method described by Mańka and Mańka (1992) . Most frequently occurring species that build up over 75% of the fungal community were taken into consideration. Their phytopathological function is expressed by individual biotic effect (IBE) that is the effect of one isolate of the given species on the pathogens. The IBE multiplied by the species frequency results in the general biotic effects (GBE), treated as the effect of all the component's isolates on the pathogen. After summarizing all the GBEs the summary biotic effect (SBE) will be obtained, providing the effect of the entire soil fungi community of the pathogen. The summary antagonistic effect of saprotrophic fungi from particular experimental combinations on the studied pathogenic fungi made it possible to determine their antagonistic activity in the soil environment of carrot.
Statistical analysis. The total population of fungi was statistically analysed, and the significance of differences was determined based on the Tukey's confidence intervals (P < 0.05). Statistical calculations were carried out using the Statistica program, version 6.0 (StatSoft, Krakow, Poland).
RESULTS AND DISCUSSION
As a result of the microbiological analysis of particular soil samples, on average from 47.93 × 10 3 to 92.1 × 10 3 CFU of fungi/g of soil DW were obtained (Figure 1 ). The smallest fungi population was observed after the use of rye as the intercrop plant in carrot cultivation, and it differed in a statistically significant manner from the population in the other experimental treatments. White mustard, buckwheat and sunflower (as intercrop plants) caused a slight increase in the population of fungi in the soil. Their mean population was 71.43 × 10 3 , 79.78 × 10 3 and 85.31 × 10 3 CFU/g of soil DW, respectively. Statistically, the highest fungi population occurred in the soil with the traditional cultivation of carrot (without intercrop plants). The use of oats, common vetch and tansy phacelia (as intercrop plants) in the cultivation of carrot also caused a decrease of the populations of soil-borne fungi and bacteria (Patkowska and Błażewicz-Woźniak 2014) . Rye, white mustard, buckwheat, and sunflower used in the cultivation of carrot limited the population of bacteria in the soil (Patkowska 2018) . Oats and tansy phacelia as cover plants used in the cultivation of root chicory inhibited the growth of soil-borne fungi population (Patkowska et al. 2015) . Laboratory tests found the biggest populations of antagonistic Clonostachys spp., Albifimbria spp., Trichoderma spp. and Penicillium spp. in the soil after the use of rye (579) and white mustard (357 isolates) (Tables 1 and 3 ). Slightly smaller populations of antagonistic fungi were found in the treatments with buckwheat and sunflower (286 and 232 isolates, respectively) and the smallest in control (74 isolates) (Tables 2, 4, 5). Oats, vetch and tansy phacelia as intercrop plants used in carrot cultivation also caused an increase of antagonistic fungi in the soil (Patkowska and Błażewicz-Woźniak 2014) . Those species used as cover crops also promoted the development of antagonistic fungi in the cultivation of root chicory, scorzonera and salsify (Patkowska and Konopiński 2013a , 2014b , Patkowska et al. 2015 . The activity of soil-borne pathogens can be limited by the root exudates (phenolic compounds, amino acids, organic acids, sugars, vitamins, metal ions) of phytosanitary plants (oats, rye, vetch, tansy phacelia) which promote the development of antagonistic microorganisms (Li et al. 2013) . Cover crops produce phytoncides that affect soil microorganisms and limit the occurrence of pathogens (Kołota and Adamczewska-Sowińska 2013). Antagonistic activity of selected saprotrophic fungi towards the tested pathogens varied and was dependent on the species of the intercrop plant. The value of the antagonistic effect of Clonostachys spp., Albifimbria spp., Trichoderma spp. and Penicillium spp. of the studied plant pathogens was the highest after using rye and white mustard in the treatments with buckwheat and sunflower (Tables 1-5 ). Oats, tansy phacelia and vetch as an intercrop and cover plants in the cultivation of carrot and root chicory also showed a positive effect on the antagonistic activity of Clonostachys spp., Albifimbria spp., Trichoderma spp. and Penicillium spp. towards different species of soil-borne fungi (Patkowska et al. 2015 .
Antagonistic fungi were the most effective in inhibiting the growth of A. dauci, A. radicina, and S. sclerotiorum. After using rye, the value of their total antagonistic effect towards the pathogens was the highest and reached 3248, 3009 and 3833, respectively (Table 1) . Slightly smaller values of this index were found after using buckwheat, white mustard, and sunflower. The lowest value of the antagonistic effect towards the enumerated fungi was observed in control (300, 263 and 327, respectively) ( Table 5) . Antagonistic Clonostachys spp., Albifimbria spp., Trichoderma spp. and Penicillium spp. inhibited the growth of F. oxysporum and H. haematococca the worst. Their values of the total biotic effect ranged from 2376 and 2437 (after the use of rye) to 246 and 238 (in control) (Tables 1-5 ). The present studies enable to state that the use of cover crops (especially rye and white mustard) in the cultivation of Daucus carota L. had a positive effect on the antagonistic activity of soil-borne fungi. A big number of isolates of antagonistic fungi could improve the phytosanitary conditions of the soil. As reported by Gamliel et al. (2000) , the development of antagonistic microorganisms could be supported by secondary metabolites introduced into the soil of cover crops. Examples of such compounds are glucosinolates, which -after enzymatic hydrolysis -change into different sulphuric compounds (Gamliel et al. 2000) . Those compounds are produced inside the plant tissue, and after the microbiological decomposition of plant residues, they are freed into the soil. Isothiocyanates, which appear in the soil during the decomposition of plants roots, are a product of decomposition of glucosinolates (Vig et al. 2009 ). According to Bending and Lincoln (2000) , those compounds are toxic towards plant pathogens, and they can have a synergistic effect on the communities of microorganisms, through which they can favour the development of antagonistic microorganisms.
The studied antagonistic fungi were also effective towards different plant pathogens in the cultivation of root chicory with cover crops (Patkowska et al. 
